Possible role of thioformamide as a proximate toxicant in the nephrotoxicity of thiabendazole and related thiazoles in glutathione-depleted mice: structure-toxicity and metabolic studies.
In mice depleted of GSH by treatment with buthionine sulfoximine (BSO), thiabendazole (TBZ) causes renal injury characterized by an increase in serum urea nitrogen (SUN) concentration and by tubular necrosis. Previous studies have shown that TBZ requires metabolic activation before it produces nephrotoxicity and that the structure contributing to the toxicity of TBZ is the thiazole moiety of the molecule. TBZ and its thiazole analogues were examined for the ability to increase SUN concentration and serum alanine aminotransferase activity in GSH-depleted mice. Unsubstituted thiazole and thiazoles with 4- and/or 5-, and no 2-, substituents caused marked increases in SUN concentration, suggesting nephrotoxicity. Furthermore, the nephrotoxic potency of these thiazoles decreased with the increasing number and bulk of the 4- and/or 5-substituents. On the other hand, the target organ (the kidney or liver) and the toxic potency of 4-methylthiazoles were markedly altered with the type of substituents at the 2-position. These observations and the known toxicity of thiono-sulfur compounds led us to the hypothesis that the nephrotoxic thiazoles, which lack 2-substituents, would undergo microsomal epoxidation of the C-4,5 double bond and, after being hydrolyzed, the resulting epoxide would then be decomposed to form thioformamide, a possibly toxic metabolite. Evidence for this hypothesis was provided by the results that thioformamide and tert-butylglyoxal as the accompanying fragment were identified as urinary metabolites in mice dosed with 4-tert-butylthiazole and that thioformamide caused a marked increase in SUN concentration when administered to mice in combination with BSO.